We have constructed 14 independent point mutations in the conserved AAUAAA element of the SV40 late polyadenylation signal in order to study the recognition and function of alternative polyadenylation signals. A variant RNA containing an AUUAAA was polyadenylated at 20% the level of wild-type substrate RNA, while all other derivatives tested were not functional in vicro.
INTRODUCTION
The maturation of the 3' end of most messenger RNAs of higher eukaryotes involves a site-specific endonucleolytic cleavage event followed by the addition of 150 to 200 adenylate residues (reviewed in 1). This polyadenylation event requires at least two signals contained in the precursor RNA. A highly conserved hexanucleotide, AAUAAA, is located 5 to 30 bases upstream of the processing site (2) . Mutatlonal analyses have shown this element to be required for polyadenylation both in vivo and in vitro (3) (4) (5) (6) (7) . A second element, located downstream of the cleavage site, appears to be of limited sequence complexity, consisting of GU, U, and/or G rich sequences and may be reiterated (8) (9) (10) (11) (12) (13) (14) . The downstream element is not absolutely required for polyadenylation, but plays a role in the efficiency of the processing event (15) (16) (17) (18) (19) (20) .
A variety of experimental evidence suggests that the elements of the polyadenylation signal are recognized by a multicomponent complex. Native gel and gradient analyses indicate a large, 40 -50S complex forms on functional polyadenylation substrates (21) (22) (23) (24) (25) (26) . These complexes require an intact AAUAAA and downstream element for efficient formation.
Polyadenylition in vicro is inhibited by Ul-RNP, Sm, La, and tri-methyl cap specific antibodies (27, 28) . In addition, monoclonal Sm and tri-methyl cap antibodies can precipitate RNase Tl fragments containing elements of the polyadenylation signal (21, 25, 29 (39) . RNAs were purified on 5% acrylamide gels containing 7M urea prior to use.
In Vitro Polvadenylation.
Nuclear extracts were prepared from HeLa spinner cells grown in 10% horse serum as described (40) . Polyadenylation reaction mixes contained final concentrations of 3% polyvinyl alcohol, 1 mM ATP, 20 mM phosphocreatine, 12 mM HEPES', pH 7.9, 12% glycerol, 60 mM KC1, 0.12 mM EDTA, 0.3 mM dithiotreitol, and 60% (vol/vol) nuclear extract. Reactions were performed at 30°C.
Native Gel Electrophoresis.
RNAs were incubated at 30°C for 5 min in the in vitro polyadenylation system. Reactions were then adjusted to 4 ug/ul heparin (Sigma Chemical Co.)
and incubated on ice for 5 min. Loading buffer (50% glycerol, 0.05% xylene cyanol) (1 ul) was added and samples were electrophoresed in a 4% bis-acrylamide:acrylamide (1:80) gel as described (41).
UV Crosslinkinp:. Escherichia coli tRNA (5ug) was added, and the sample was irradiated for 10 min at 4°C with a G15T8 light (Sylvania) placed 4 cm from the sample. Effect of point mutations in the AAUAAA of the SV40 late polyadenylation signal on 3' end processing In vitro. RNAs were incubated in the in vitro polyadenylation system for 1 hr and then analyzed by electrophoresls on a 5% acrylamide gel containing 7M urea. The AAUAAA variants are identified by the numbering system described in the heading.
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WT 51 Cl Ul G2 U2 G3 G4 C4 U4 C5 U5 G6 C6 U6 Figure 2 : Effect of point mutations in the AAUAAA on complex formation. RNAB were incubated in the in vitro polyadenylation system for 5 min, heparin was added to remove non-specific RNA -protein interactions, and complexes were analyzed on 4% native acrylamide gels. Free RNA was run off the bottom of the gel to maximize the resolution of large complexes. Equivalent amounts of wild type and variant RNAs were incubated in the in vitro polyadenylation system described previously (28) and processed products were analyzed by gel electrophoresis. As seen in figure  1 , the wild-type SVL RNA was efficiently cleaved and polyadenylated at the appropriate in vivo site in the cell free system. Of the 14 variants tested, only the AUUAAA signal was polyadenylated at a detectable level. The proteln-RNA associations of the SVL variants were further tested by UV crosslinking analysis as described previously (34) . Briefly, [
P]
labeled RNAs were incubated for a short period of time in the in vitro polyadenylation system to allow formation of specific complexes. The reactions were then irradiated on ice using a germicidal light for 10 min., followed by treatment with ribonuclease. Proteins labeled with [ P] through covalent associations with small ribonucleotides were then separated in denaturing acrylamide gels and visualized by autoradlography.
As seen in figure 3 , only RNAs containing AAUAAA or AUUAAA polyadenylation elements were efficiently crosslinked to the 64kd polypeptide.
Crosslinking of the 64kd protein to RNA containing the AUUAAA signal was slightly less efficient as compared to wild-type substrate RNA.
The additional [ The observations presented here extend previous studies involving the functional analysis of variants in the AAUAAA element of the SV40 late polyadenylation signal (4, 6, 7, 30, 34) . In these studies, all variants tested were processed at less than 12% of wild type levels.
Several laboratories have shown a dramatic effect of AAUAAA mutations on cleavage efficiency in vivo with only minor effects on polyadenylation efficiency (3, 4, 5) . Recent experiments using reconstituted in vitro systems, however, have clearly demonstrated the existence of a specificity factor which renders the poly(A) polymerase dependent on the presence of an AAUAAA motif (30, 32, 33 experiments to test the models described above in order to identify additional influences on polyadenylation which may play a role in the regulation of gene expression.
